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INTRODUCTION

Calculation of the hiti-s~eed

Robert““J.Nuber

~erformanoe of some
airplanes Involves the e8t1m4t~on 02 airfoil tiag coef-
ficients at ?leynoldsnumbers of the order of 65
to 75 million. Very little data a airfoil drag ooeffl-
olents at such high Reynolds numbere are avaiIabIe. At
the request of the Bureau of Aehonautlcs, Navy Departnwmt,
therefore, drag measurements were made In the Langley
Memorial Aeronautical Laboratory two-dlmenstonal low-
turbulence pressure tunnel Of an available 10(’)-inch-ohord
model of the NACA 23016 wing section. The model w~.soOn-
atructed by the Chance Vought Aircraft Company according
to practioal construot~on methods, In me p~sen$ .
~sries of tests, seotlon drcn ooeffioients rmre

The

over a-range o? Refiolds numbers from approxl-
to 68 million at lift coefficients from about
.0.275 with three types of eurface copdltions.

IEWRIPTION OF MOiEL”AND .TLST”METHOti

100-inch-oh=d NACA a3016 winK aeclilonused for
“thesetests had a single spar iooated.~t the 30-peroent-
ehord station. Both the upper and lower stifaoes were
unfair at this point. ?n addition, a flat spot located
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at approximately the OS.095c station on
and extending halfway across the mtiel

-.

the lower surface
span was detected

by rocking a-straight edge over-the forw--d portion of
the slrfoil in a chordwise direction. The skin forward
of the spar was approximately 0.050 inch thick “andwas
riveted to both chordwise and spanwise stiffeners. A
thinner skin (approxlmatel~ 0.015-inch thick) aft of the
spar was riveted to chordwise stiffeners spaced 9 inches
apart.

?he tests were made with the model surfaces In three
conditl~ns:

(1) AS received.- As received, the model was painted
with zinc chromate primer.““A few rivets behind-the spar
had been glazed. Three minor scratches located on the
upper surface near the leading edge, which were apparently
the result of handling and shipping, were filled and
sanded smooth.

“(2) Painted.- All local surface defects forward of’
the .spsr,~s rivets, were faired and the surfaces”
were spreyed with gray primer surfacer which was sanded
smooth. The surfaces behind the spar were also painted
and sanded, but no attempt was made to correct local

. surface defects.in this region.

- (3) Camoufla ed.-
~.y ~~~~~a~~~ ~~.nfi%; ~? ~camouflage paint

sprayed over the gray-primer surfacer (condition 2). No
particular eff’ortwas made to spray the’.camouflagepaint
on smoothly because, for this condition, It was desired
to simulate the spraying abilities of an,tnexperienced “
person. Door jalnts were simulated by shellaoki~~ a
length of string 0.012-irtchin diameter at the 0.25c sta-
tion across the span on both the upper and lower surfaces.
%otographs of the model showi

Y
the simulated door joints

are given in figure l(a) and (b . A rear bottom view of
the model Is presented In fig@e l(c)-to”shchithe rivet
spacing and surface irregularities.

Lift and-drag coefficients were obtained by the
methods described in reference 1~ The data have been
corrected for tunnel-wall constriction by the following
formulas: . .

\
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where the -primedquantities relmesent the values of the
ooeffiolents measured In the’”t@nel.

\

R3SULTS AND IULCUSSION

Curves of saotion drag coeflio~ent plotted against
Reynolds number for various surfsze cotiitIons and llft
coefficients are given in figure i . A comparison of the
results presented In figure 2(c) w :th the skin frlotlon
of smooth flat plates is presented In figure 3.

It is seen from figure 2 that ‘-h”.variation of drag
‘ooefficlentwith lift coefficient, ~X.ttculsrly at him
Reynolds numbere, wae relatively small. Above a Reynolds
nuriberof 25 million, the changes in s-.mfacecondition of
the model had m,oreeffect on the dra{*coefficient than
changes In the Reynolds number. As would be expeoted,
the lowest drag coefficients were obtialnodwith the
emoothest surfaoes (condition 2).

The variation of the profile dra{”of’this airfoil
with ~.eynoldsnuiiberwas similar to tkat of the turbulent
skin frictton of smooth flat plates up to ~ Reynolds
number of approximately 15 million. A)ove this Reynolds
number, the scale effect on drag was a~=ll. These
results apyear to be slmllar to those .~or rough pipes
given on page 46 of reference 2, wher~ the’skin friction .
of pipes with relatively small surface roughness at first
follows the same curve as for smooth pipes. At scaue
higher Reynolds number, depending upon the grain size of
the roughness, the skin friction approaches a constant
value and shows little further change even up to extremely
high Reynolds u-d.,;~ers.As in the case of the rough pipes,
the value of the drag coefficient, for the present tests, .

-- at high Reynolds numbers was prmlly a furmtion of the
model surfaoe condition. .

Although extrapolation formulas based on the skin
frtction dra of smooth flat lates maybe reliable for

9 fairfoils hav ng aerodynamical y smooth surfaces, the
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data presented herein indfeate that, at least for models
having surface conditions sidlar to those of the present
tests; such formulas
the drag coefficient

would tend to give too low values of
at high Reynolds ntibers.

CONCLUSIONS

As a result of tests of an NACA 23016 practical
construction section over a range of Reynolds numbers
from approximat~l~ h to 68 million, the following con-
clusions may be drawn:

1. Above a Reynolds number of about 25 million, the
ohan~es in surface condition of the model had more effect
on the dra~ coefficient than chan~es in the Reynolds
number.

2 ● Zxtrayolation formulas based on the turbulent
skin friction di*~~ of smooth flat pl~tes tend to give
too low values of’the drag coefficient at hi~h Reynolds
numbers when applied to airfoils having suri’acescompa-
rable to those of the model investigated in the present
tests.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langle:-Fleld, Vs., June 30, 19~
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(a) Fronttopviewshowingsimulateddoorjoint.

Figurel.- PracticalconstructionwingmodelofNACA 23316 sectionsubmittedby
ChanceVoughtAircraft,camouflagepainted.



(b) Frontbottomviewshowingsimulateddoorjoint.

Figure 1.- Continued.



(c) Rear bottom view showing rivet spacing and surface irregularities.

Figure 1.- Concluded.



.

V*

c

.

.

.

Iiiiiiiiii iii
Rqnolda number, R

Kmml #mlwv
COWMEEFIMAUMUIES

.012

.008

.04

0

Reynolds numhr, R

pi~. z .. nag SOah ●ffoot of a 100-lnc~;:~d MM 23016Pmctlcal construction wing motion sutmittod by Chance Vought Aircraft.
, ‘KIT450, 432, and ~~.
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Figure ~.- Compa~ison of the drag coefficient of the NACA z3016
airfoil section with the skin friction of smooth flat plates.
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